Abstract: In the Paríž creek catchment (southwestern part of Slovakia), the influence of different vegetation types on selected soil properties in alluvial topsoils was studied. Specifically, the effect on saturated hydraulic conductivity considered as indicator of water transport process and the effect on soil bulk density considered as indicator of soil structure were analysed. Due to the mutual influence of plant roots on soil properties, the root biomass was also estimated and its relationship to the studied soil properties was explored. Reed and tall-sedge wetlands and alluvial wet meadows represented the studied vegetation types. Adjacent arable lands (former grasslands) with corn were included for comparison. In total, 64 samples were used for comparative analysis. A standard methodology for measurement of the saturated hydraulic conductivity, the so-called falling head technique was used on 250 cm 3 soil cores. Undisturbed soil samples were taken from the depth of 5 cm. Analysis of variance, mutual comparison of mean values and correlation matrix were used for statistical analyses. Measurements showed significantly higher values of saturated hydraulic conductivity for topsoils in wetlands (6.2 m day −1 on average) compared to mown grasslands (1.47 m day −1 ) and arable land (0.79 m day −1 ). The results indicated a specific significance of wetlands in relation to water transport processes in alluvial topsoils.
Introduction
Wetlands and grasslands represent specific ecosystems that have significant importance for water regime in landscape. Their character, especially expressed through soil physical properties and vegetation have influence on hydrological processes, e.g. evapotranspiration, infiltration and water retention (Bullock & Acreman, 2003) . However, alluvial wetlands were extensively destroyed, drained and transformed to arable lands in the past. Recently, there has been a higher interest for studying these ecosystems to get the knowledge of their multiple importance. We studied the influence of wetland and grassland vegetation types on transport of water in alluvial topsoils of the Paríž creek catchment in southwestern Slovakia. Saturated hydraulic conductivity was chosen as an indicator of water transport in soil for its great importance in the whole soil-water-atmosphere system (Cowan, 1965) . Specifically, plant roots may affect the saturated hydraulic conductivity in topsoil directly, inducing preferential flow through macropores (Lichner et al., 1994) or indirectly, by their influence on soil structure (Oades, 1993; Kutílek, 1978) . Therefore, we also analysed relationships between root biomass, bulk density and saturated hydraulic conductivity. Bulk density was chosen as it is considered to be a complex indicator of soil structure (Hraško & Bedrna, 1988) . Root biomass can indicate root development of the respective vegetation type. The main approach of this study was based on the comparative analysis of the saturated hydraulic conductivity of alluvial topsoils with different vegetations. Specifically, reed and tall-sedge wetlands (Phragmitetalia) and alluvial wet meadows (MolinioArrhenatheretea) were analysed. Adjacent arable lands (transformed grasslands) with corn were added for comparison. Although, there are many studies on soil hydraulic properties of soils, they are mainly focused on agricultural soils describing soil texture and soil types impact (cf. Šútor & Štekauerová, 2000) and there is a lack of studies describing hydraulic soil properties of natural and semi-natural wetlands and wet meadows ecosystems. In this paper we aim to report hydraulic properties of topsoils under natural and semi-natural alluvial vegetation types and to explore the potential specific influence of plant roots on them.
Material and methods
The Paríž creek catchment is located in the southwestern part of Slovakia (from 18
• 19 The total catchment area is 240 km 2 . The area of alluvial wetland and grassland vegetation is estimated to be 19.5 km 2 (HALABUK, 2005). The largest part of this area is represented by the Paríž creek marshes near the Gbelce village.
The crucial step allowing a correct interpretation of results was the selection of study sites and sampling design. Therefore we looked for study sites with more or less similar soil properties, but at the same time with different vegetation type. In real natural conditions, such selection is quite complicated, because soil parameters are usually influenced by vegetation and vice versa. According to that, we selected relatively homogenous sites from physical-geographical point of view with the mosaics of different vegetation within relatively short distances. Soil texture classes were considered as one of the key properties that may vary significantly within small locations and distances. Field survey and further laboratory assessment of textural classes identified soils of the sampled area as mollic fluvisols with prevailing presence of loam (cf. HREŠKO & BUGÁR, 2005) . The selected mosaics followed a moisture gradient from littoral phase of reed wetlands and tall sedges wetlands to wet alluvial meadows. Reed wetlands were represented by mono-dominated association Phragmitietum vulgaris von SOÓ 1927 that largely occupied this kind of biotopes (HRIVNÁK, 2004a) . Tall-sedge-dominated wetlands were represented by the association Caricetum accutiformis EGGLER 1933 in its marshy, species-poor variant (cf. HRIVNÁK, 2004b) . A typical association of wet meadows in the sampled areas was represented by Cirsio cani -Festucetum pratensis MÁJOVSKÝ et RUŽIČKOVÁ 1973 association (HALADA, 2005) . A random sampling was realised on such mosaics with 63 sample sites in total. As the saturated hydraulic conductivity has a great spatial and temporal variability (cf. LICHNER et al., 2006) , three soil cores were taken from each sampling site, and the core with medium-sized weight was used for laboratory measurements of the saturated hydraulic conductivity. To minimize the seasonal variability of saturated hydraulic conductivity, sampling was done in a relatively short period during the summer of 2004. Undisturbed soil samples (250 cm 3 with a diameter of 8 cm and a height of 5 cm) were taken from the 5 cm depth. Standard methodologies to estimate bulk density and to measure saturated hydraulic conductivity, using the falling head technique on these soil cores were used (KUTÍLEK, 1978) . Root biomass was weighed after the samples had been sluiced through a 0.5 mm sieve and dried in an oven (FIALA, 1987) . The influence of vegetation types was explored by one-way analysis of variance with a different type of vegetation as factor. A mutual comparison of means using Scheffe's test was used additionally. The correlation matrix and Pearson correlation coefficient were used in order to analyse the influence of plant roots on the studied soil properties and the coefficient of variation was used to describe the variability of the characteristics studied. Due to the identified lognormal distribution of saturated hydraulic conductivity and root biomass, a logarithmic transformation was used.
Results
Breakdown statistics provide basic information about mean values and distribution of the studied soil characteristics under respective vegetation types (Tab. 1). Due to identified lognormal distribution of K SAT and root biomass, we prefer the median value instead of the arithmetic mean. The analysis of variance showed a significant effect of vegetation types on all studied characteristics at <0.001 level. Mutual comparison revealed a significant difference at 0.05 level in mean saturated hydraulic conductivity of wetlands compared to grasslands (20% higher) and of wetlands in comparison with arable lands (10% higher). There was no significant difference in the mean value of the saturated hydraulic conductivity revealed at 0.05 level between the wet meadows and arable lands. The highest variability in saturated hydraulic conductivity was measured for the soil cores from the arable lands. Similarly, actual soil moisture differed significantly between the respective vegetation types. Although we identified higher soil moisture contents in the topsoils of the wet meadows compared to arable lands, a mutual comparison did not demonstrate any significant mean difference at 0.05 level. A relatively lower variability of soil moisture was identified for topsoils of three vegetation types. Root biomass characteristics were quite different. However, there was no significant mean difference between topsoils covered by wetlands in comparison with S268 A. Halabuk Bulk densities differed significantly between the topsoils of the different vegetation types and mean differences were significant at 0.05 level between each of the studied groups. The lowest variability was identified in topsoils covered by arable crops. As expected, was the lowest bulk density found in topsoils covered by wetland vegetation, what may indicate a higher porosity and larger amount of soil organic matter. Furthermore, we analysed the relationships between the studied soil characteristics. Correlation matrix, using Pearson correlation coefficients (Tab. 2) of analysed variables describe these relationships. The results have shown that both root biomass and bulk density correlate significantly with the saturated hydraulic conductivity. However, a stronger negative correlation was indicated between bulk densities and saturated hydraulic conductivity, what suggests that soil structure affected the water transport more than the root biomass itself. Actual soil moisture did not correlate significantly with the studied characteristics, with the exception of dry bulk density.
Discussion
Vegetation of alluvial wetlands and meadows indicates specific site conditions. In this study we tried to contribute to the knowledge of mutual relationships between vegetation and their soil environment. In topsoils, where plant roots occurred at a high rate, the impacts of these interrelations were visible. In general, the significant influence of both wetland and wet meadow vegetations on K SAT in the topsoils was documented. Based on the classification of K SAT after Němec (Klopček & Antal, 1982) topsoils covered by wetland vegetation exhibited very high values of K SAT , which were significantly higher than those of topsoils covered by wet meadows and arable crops. Because of the better soil structure of the topsoils of grasslands (Oades, 1993) they are considered to exhibit higher values of K SAT than those of arable lands. However, we did not document a significant difference between them. This could be explained by the fact that the sampled arable lands were former wet meadows, which have been ploughed and transformed into arable lands in the past, and still possess a relatively good soil structure. This may also explain the non-significant mean difference of the soil moisture content of the topsoils between the arable lands and the wet meadows. Furthermore we would like to explore how the vegetation affects the K SAT . Specific influence of vegetation on saturated hydraulic conductivity is often documented as a consequence of preferential flow through the biopores created by plant roots (Štekauerová et al., 2006) . Gao et al. (1996) assumed that vegetation influences the hydraulic conductivity of the soil, mainly through the activity of belowground biomass. Mencuccini (2003) also noted that soil hydraulic conductivity is largely a function of fine root biomass. We documented this in topsoils covered by arable crops where a significant correlation between root biomass and saturated hydraulic conductivity was identified (Tab. 2). Although we found no significant relationship between root biomass and K SAT , in topsoils covered by wet meadows, we expect a general influence of soil structure on K SAT , due to the significant relationship between bulk density and K SAT . Neither root biomass nor bulk density of topsoil samples in Reed wetlands were related significantly to K SAT . This may imply, that the K SAT in topsoils covered by wetland vegetation would be affected by other factors than root biomass and soil bulk density. These may be the high content of organic matter and the occurrence of big macropores, created after decomposition of dead roots. High amounts of organic matter in wetlands are mainly caused by specific site hydrology and prevailing reducInfluence of different vegetation types on saturated hydraulic conductivity S269 tion conditions. The high proportion of non-capillary pores and total pore space in reed wetland topsoils of the study area (cf. Halabuk, 2005) would cause the highest hydraulic conductivity of the studied topsoils.
To conclude, results of this study indicate a specific significance of wetlands for water transport processes in alluvial topsoils. Additionally, more interest should be devoted to the exploration of an interactive effect of organic matter, microbial biomass and roots on water transport processes in natural conditions. Also the effects of the hydraulic conductivity of the subsoils, and depths and continuity of the macropores in the subsoil on the transport of water have then to be studied.
